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Junctional forms of epidermolysis bullosa (JEB) are as-
sociated with mutations in six distinct genes expressed
in the cutaneous basement membrane zone; these in-
clude LAMA3, LAMB3, and LAMC2, which encode
laminin 5 subunit polypeptides, the a3-, b3-, and c2-
chains, respectively. Here we generated a mouse model
for JEB by inactivating the laminin c2-chain gene by
targeted frameshift deletion of exon 8 in Lamc2. Het-
erozygous mice were phenotypically normal, whereas
the majority of Lamc2/mice showed blistering phe-
notype on days 1 to 2 and died within 5 days of birth.
The Lamc2/ mice demonstrated absent expression
of laminin c2-chain on the basement membrane zone
as well as attenuated expression of a3- and b3-chains of
laminin. Transmission electron microscopy revealed
rudimentary, poorly developed hemidesmosomes.
The epidermis of the Lamc2^/^ mice revealed induced
apoptosis in the basal cells of the blistered skin, suggest-
ing that cell-matrix adhesion provided by laminin 5
plays a role in cell survival in vivo. Cultured Lamc2^/^
keratinocytes demonstrated slightly positive staining
with c2-chain-speci¢c antibodies, which could be ex-
plained by the presence of a transcript with partial re-
storation of the reading frame owing to alternative
splicing in vitro. These cells proliferated in di¡erent ma-
trices and attached to type IV collagen and Matrigel as
e⁄ciently as the wild-type keratinocytes, whereas their
attachment on plastic and laminin was signi¢cantly
weaker. In summary, Lamc2^/^ mouse recapitulates
human JEB and provides novel insight into the role of
laminin 5 in keratinocyte biology. Key words: base-
ment membrane zone/transgenic mouse. J Invest Dermatol
121:720 ^731, 2003
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pidermolysis bullosa (EB), a group of heritable me-
chanobullous disorders with highly variable clinical
severity, has been traditionally divided into three ma-
jor subgroups based on the level of blister formation
in the basement membrane zone (BMZ) (Fine et al,
1999). One of these subgroups is junctional EB (JEB), in which
the cleavage plane of the blister occurs at the level of lamina luci-
da within the dermoepidermal basement membrane (Fine et al,
2000). JEB is associated with mutations in six distinct genes ex-
pressed in the cutaneous BMZ, including LAMA3, LAMB3, and
LAMC2, which encode laminin 5 subunit polypeptides (a3-, b3-,
and g2-chains) (Pulkkinen and Uitto, 1999). Null mutations in
LAMA3, LAMB3, and LAMC2 result characteristically in a se-
vere, so-called Herlitz type of JEB (H-JEB), which is usually
lethal during the early postnatal period. In contrast, missense mu-
tations and in-frame deletions are associated with milder, non-
lethal variants of JEB that are characterized by life-long
blistering but the overall life span is not compromised (Pulkki-
nen and Uitto, 1998; Nakano et al, 2000, 2002a).
Laminin 5 is a heterotrimeric basement membrane protein that
provides integrity to the cutaneous BMZ through protein^pro-
tein interactions with a number of BMZ components, including
a6b4 integrin, a hemidesmosomal transmembrane protein, and
type VII collagen, a component of anchoring ¢brils extending
from basement membrane to the underlying extracellular matrix
(Spinardi et al, 1995; Xia et al, 1996; Chen et al, 1999). Laminin 5
serves also as an adhesion molecule by interacting with a3b1 in-
tegrin (Wayner et al, 1993; Lohi et al, 2000). In addition to its
function as an adhesion molecule between the epidermis and
the extracellular matrix, laminin 5 has a role in attachment,
spreading, and migration of epithelial cells as well as being in-
volved in cellular proliferation and di¡erentiation (Gagnoux-
Palacios et al, 1996; Gonzales et al, 1999; Nievers et al, 1999; Hirosaki
et al, 2000; Nguyen et al, 2000). Furthermore, laminin g2-chain
has been demonstrated to be overexpressed in several epithelial
malignancies (Lohi, 2001).
In this work, we have generated a knockout mouse by targeted
ablation of Lamc2. Clinically, this mouse recapitulates human H-
JEB, thus providing an animal model to study pathomechanisms
of this disease in further detail. It also provides novel insight into
the role of laminin 5 in keratinocyte biology.
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MATERIALS AND METHODS
Cloning of the targeting vector The [32P]dCTP-labeled human
LAMC2 cDNA fragment spanning exons 1 through 7 was used as a probe
to screen genomic l-clones, which were isolated from mouse 129SV
genomic library (Lambda FIX II library), according to instructions
provided by the manufacturer (Stratagene, La Jolla, CA). Positive clones
were subjected to restriction enzyme digestions and exon content
mapping. The most 50 -clone, spanning the region from intron 3 to intron
11 of mouse Lamc2 gene, was used for construction of the targeting vector,
as shown in Fig. 1.
Our aim was to make a construct that could be used to generate three
allelic mouse models for JEB by using recombinase-mediated tech-
nologies (cre/loxP and frt/FLP) with an object to delete exons 8 and 9
separately. For this purpose the NEO-TK (neomycin-herpes simplex
virus-thymidine kinase) cassette was £oxed by loxP sites and inserted into
intron 8, and one additional loxP-site was inserted into the NheI site in
intron 7 (Fig. 1). In addition, exon 9 was £oxed by frt-sites. The 50 arm
was spanning 2.5 kb of intron 7 sequences, and the 30 arm was spanning
3.5 kb from intron 9 to intron 11. The vector pPNT (Tybulewicz et al,
1991) was used as a backbone.
Generation of knockout mouse The NotI-linearized targeting vector
(25 mg) was electroporated into the mouse embryonic stem (ES) cells
(5107 cells) cultured under standard conditions (K˛ntgen and Stewart,
1993), and positive clones were selected with G418. Positive ES cells were
electroporated with the expression vector containing the full-length cDNA
for cre-recombinase (a gift from W. Mˇller, Institute for Genetics,
University of Cologne, Cologne, Germany) for excision of the exon 8
and NEO-TK cassette to generate a conventional null mouse (Lamc2^/^)
or NEO-TK cassette only, which would be useful to generate a conditional
null mouse. The positive cells were selected with gancyclovir (Sigma, St.
Louis, MO) and screened by PCR and Southern blotting to con¢rm the
deletion of NEO-TK cassette only or together with exon 8. The overall
strategy is shown in Fig 1.
ES cells were microinjected to blastocysts obtained from C57BL/6J mice
(Jackson Laboratories; Bar Harbor, ME) and transferred to pseudopregnant
mice B6CBA F1 (Jackson Laboratories) (Stewart, 1993). The chimeric
animals were mated with wild-type C57BL/6J mice to determine
germline transmission of the targeted Lamc2 allele. Heterozygotes were
cross-bred to produce Lamc2^/^ homozygous animals. The use of mice
was approved by the Institutional Animal Care and Use Committee of
Thomas Je¡erson University.
Genotyping of the selected ES cells and mice Both the ES cell
clones and the animals were genotyped by using Southern blotting and/
or PCR. For this purpose DNA from cells or mouse tissue was extracted
by using standard protocols (Sambrook et al, 1989). Southern blotting was
performed with genomic DNA samples digested with EcoRV restriction
endonuclease and using a [32P]dCTP-labeled 624-bp PCR product
spanning exon 7 and £anking intronic sequences as a probe. Primers for
ampli¢cation of the probe were 50 -TTT GCC TTG GAT CTT TGT CC-
30 (forward) and 50 -CTG TGA ACC TGT CAG CTACC-30 (reverse). This
probe recognizes a 20-kb fragment in wild-type mouse DNA and a 6.5-kb
fragment in ES cells which have undergone homologous recombination
with the targeting vector. Additional restriction enzyme sites for EcoRV-
were introduced by the NEO cassette to generate a DNA fragment
indicative of the transgene (see Fig 1). Thus, a probe recognizes a 3.5-kb
fragment in the positive ES cells with deletion of NEO-TK and exon 8
Figure1. Schematic diagram of the targeting strategy for the Lamc2 gene.The Neo-TK cassette was inserted into intron 8 followed by £oxing of
exon 8 and the Neo-TK cassette by loxP fragments and of exon 9 by frt fragments, to generate multiple allelic mouse models (A). Owing to homologous
recombination in mouse ES cells, the targeting construct replaced the endogenous Lamc2 gene (B). The presence of this allele was demonstrated by South-
ern blotting with a probe spanning exon 7 and £anking intronic sequences as indicated (B). Transient expression of Cre-recombinase in ES cells resulted in
excision of the DNA segments between loxP sites leading to two mutant loci (C). One of the mutant alleles resulted from deletion of the Neo-TK cassette
and exon 8 (C, a) (this publication), whereas the other mutant allele contains a £oxed exon 8 and exon 9 £anked by LoxP and FRT sites (C, b), respectively.
Primers P1, P2, and P3 for PCR genotyping are indicated by arrowheads.
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as a result from Cre treatment, as well as the mutant allele with identical
genotype of the Lamc2^/^ mouse (Fig 2A).
In addition to Southern blotting, PCR was applied for routine
genotyping of littermates. For this purpose, three primers were designed
for ampli¢cation of the mutant, wild-type, or both alleles in the same
reaction (Fig 2B). The primers were P1, 50 -CCG CTT GCT GAC TTG
TAT CC-30 (upstream from the loxP site in intron 7); P2, 50 -AGC TAA
TAC GGG TTC AGC C-30 (between exon 8 and the following loxP site);
and P3, 50 -TGT AAC CAG AAG CAC ATT CC-30 (exon 9). The PCR
ampli¢cation was carried out in 25-mL reaction in the presence of
1PCR bu¡er, 1Q-bu¡er, 200 mM nucleotide mix, 1 mL dimethyl
sulfoxide, 0.6 U Taq polymerase, and 8 pmol of each primer (most
reagents from Qiagen, Valencia, CA). Ampli¢cation conditions were 1
cycle at 951C for 5 min, followed by 38 cycles of 45 s at 951C, 45 s at
581C, and 45 s at 721C and a ¢nal extension at 721C for 10 min. The
primer pair P1 and P3 produced a 640-bp mutant allele, whereas P2 and
P3 resulted in a 423-bp wild-type allele. Both bands are present in the
DNA obtained from heterozygous animals.
Histology and electron microscopy Mice were euthanized by CO2
asphyxiation. For histopathologic studies, the tissue samples were ¢xed in
10% bu¡ered formalin followed by para⁄n embedding. The 5-mm
sections were stained with hematoxylin^eosin followed by analysis under
light microscopy. For electron microscopy, tissues were ¢xed in 4%
paraformaldehyde, 2.5% glutaraldehyde, 0.1 M sodium cacodylate, pH 7.4,
with 8.0 mM CaCl2 for 2 h at 41C and processed as previously described
(Birk and Trelstad, 1986). Thin sections were cut using a Reichert UCT
ultramicrotome with a diamond knife, followed by staining with 2%
aqueous uranyl acetate and 0.2 lead citrate. Sections were examined and
photographed at 75 kV using a transmission electron microscope (H-7000,
Hitachi, Schaumburg, IL).
Immuno£uorescence For immuno£uorescence, the OCT-embedded
tissues were snap-frozen in liquid nitrogen. Cryosections (5 mm) were cut
onto microscope slides and subjected to indirect immuno£uorescence.
Brie£y, the tissue sections were ¢xed in methanol, permeabilized with
0.1% Triton X-100/phosphate-bu¡ered saline (PBS), and rinsed with PBS.
The tissues were blocked with 1% bovine serum albumin in PBS for 1 h at
room temperature.The primary antibodies diluted in PBSwere added onto
the slides and incubated for 1 h at 371C, followed by three washes in PBS.
The slides were incubated with £uorescence-labeled secondary antibodies
for 1 h at 371C and washed three times as above. The slides were mounted
using antifade mounting solution (Molecular Probes, Eugene, OR),
and analyzed and photographed using light microscopy or immuno-
£uorescence microscopy and Imaging-Pro software analysis.
For indirect immuno£uorescence analysis of the cultured cells, the cells
were plated on four-chamber tissue culture slides and cultured until they
were 80% to 90% con£uent. The cells were ¢xed two times in 50%
methanol/50% acetone at room temperature for 1 and 5 min. The
permeabilization and immunodetection were performed similarly to that
of frozen tissues.
The following primary antibodies and dilutions were used: rabbit
antibodies against mouse laminin g2-chain (LE1-3, 1:1000; and L4m,
1:500; Sasaki et al, 2001); laminin b3-chain (VI/V, 1:1000; Sasaki et al, 2001);
laminin a3-chain (AIIIa, 1:300; Sasaki et al, 2001); type XVII collagen
(1:5000; a gift from K. Li,Thomas Je¡erson University); type VII collagen
(1:200; a gift from D. Woodley, University of Southern California, Los
Angeles, CA); rat antibodies against integrins a6 (GOH3, 1:20; a gift from
A. Sonnenberg, the Netherlands Cancer Institute) and b4 (clone CD104-
11A, 1:100; Research Diagnostics, Flanders, NJ); and goat antibodies
against plectin (clone C20, 1:200; Santa Cruz Biotechnology, Santa Cruz,
CA). Secondary antibodies were labeled either with £uorescein (anti-
rat^IgG, Pierce, Rockford, IL) or with Texas red (anti-rabbit^IgG and
anti-goat^IgG; Molecular Probes).
RT-PCR and Northern blot For RT-PCR, total RNA from tissues or
from cultured cells was extracted using Trizol, according to manufacturer’s
recommendations (Invitrogen, Carlsbad, CA). Five micrograms of total
RNA was used in a 20-mL reaction volume for the ¢rst-strand cDNA
synthesis in the presence of 200 units of SuperScript II RNase H^ reverse
transcriptase, 1 ¢rst-strand bu¡er, 25 ng per mL oligo(dT), 0.5 mM
dNTP, 10 mM DTT, and 40 units of RNase inhibitor, according to
manufacturer’s instructions (Invitrogen). One microliter of ¢rst-strand
cDNAwas used as a template in PCR. The following primers speci¢c for
mouse laminin g2-chain sequences were used for RT-PCR: 50 -AGG CTA
CTATCATCT GGA CC-30 (E5-F); 50 -GTC AAA AGA CAG GCT CTG
CC-30 (E7-R); 50 -AAC CAG CAAGTG AGT TAC GG-30 (E7-F); and 50 -
CCA TTG TGA CAG GGA CAT GG-30 (E10-R). The primers for
GAPDH, 50 -ACA GTC CAT GCC ATC ACT GCC-30 (forward) and 50 -
GCC TGC TTCACCACC TTC TTG-30 (reverse), were used as a control.
The PCR conditions were as described above.
Northern analysis was performed according to standard protocols
(Sambrook et al, 1989). The cDNA probes corresponding to each laminin
5 subunit polypeptide were prepared by RT-PCR.
Keratinocyte cultures Mouse primary keratinocytes were cultured in
N-medium containing 50% conditioned medium (see below) and 50%
EMEM.06 (EMEM/8% chelexed sera/60 mM calcium supplemented with
antibiotics and antimycotics) in the presence of 10^10 M cholera toxin, 0.4
mg per mL hydrocortisone, 0.75 mM aminoguanidine nitrate, and 2 ng per
mL epidermal growth factor, as described by Hager et al (1999).
Brie£y, epidermis was separated from dermis by incubation with 0.25%
trypsin overnight at 41C. The next day the epidermis was peeled o¡ from
the dermis and incubated in the N-medium by gentle shaking for 30 to 60
min at room temperature to release the separated cells to the medium. The
cells were then centrifuged and plated on collagen IV-coated tissue culture
dishes and cultured in N-medium at 371C in the presence of 5% CO2
(Bickenbach and Chism, 1998; Hager et al, 1999). The collagen IV coating
of the tissue culture dishes (1 mg per cm2) was performed according to
manufacturer’s recommendations (Becton-Dickinson, San Diego, CA).
Conditioned mediumwas prepared from dermal ¢broblast cultures after
removing the epidermis from the skin of newborn mouse pups according
to Hager et al (1999). Brie£y, dermal tissue separated from epidermis was
minced and treated with collagenase I (0.35% in M199) by gentle
agitation at 371C for 30 min. The resulting cells were centrifuged and
suspended in EMEM with 10% sera and 0.6 mM calcium and plated in
tissue culture £asks. When the cell culture reached 60% to 80%
con£uency, the medium was replaced by EMEM.06. The medium was
collected after 2 d (conditioned medium 1). The cell cultures were split 1:2
and placed in COS-FIBRO medium (DMEM with low glucose/10% FBS
supplemented with antibiotics). When the cells reached 60% to 80%
con£uency the medium was replaced by EMEM.06. Conditioned
medium 2 was collected after 2 d.
Apoptosis test Apoptosis in vivo was performed using an in situ cell
death detection kit, £uorescein, according to the manufacturer’s
Figure 2. Genotyping of the Lamc2^/^ mouse. Southern blotting
with the probe described in Fig 1 recognizes a B20-kb DNA fragment
of the wild-type allele, whereas the 3.5-kb DNA fragment is indicative of
the mutant allele. Heterozygous animals harbor both alleles (A). Oligonu-
cleotide primers P1, P2, and P3, as indicated in the legend to Fig 1, were
used in PCR screening of littermates. A 640-bp PCR product corre-
sponding to the mutant allele was obtained with primer pair P1^P3,
whereas a 423-bp product corresponding to the wild-type allele was ob-
tained with primer pair P2^P3 (B).
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recommendations (Roche Molecular Biochemicals, Indianapolis, IN). The
tissues were depara⁄nized with xylene (2 5 min) followed by
incubations in serial of ethanol dilutions, 5 min in each (100, 95, 75, and
50%), followed by washing in H2O. The tissues were then treated with
proteinase K (20 mg per mL in 10 mM Tris^HCl, pH 7.5) for 20 min at
371C. The slides were rinsed with PBS and subjected to TUNEL reaction
mixture containing terminal transferase and £uorescein-labeled dT for 1 h
at 371C followed by three washes with PBS.The slides were mounted with
antifade solution (Molecular Probes) and analyzed and photographed using
immuno£uorescence microscope and Imaging-Pro software analysis.
Cell proliferation and attachment For cell proliferation, 5103 cells
per well were seeded on 96-well plate coated with di¡erent substrates
(plastic, collagen IV, laminin, and Matrigel). The proliferation was
performed by using CellTiter 96 aqueous nonradioactive cell prolifera-
tion assay (Promega, Madison, WI) at di¡erent time points (1 h to 5 d)
according to manufacturer’s recommendations. The formation of formazan
was detected at 490 nm by using an EXCL800 plate reader. The readings
were adjusted against baseline readings obtained at 1 h.
For demonstration of attachment, 5104 cells per well were inoculated
into the 96-well plate coated as described above. The wells were carefully
washed two times with PBS just before adding the same reaction
components as in the case of the cell proliferation assay (see above). The
attachment was tested at 3 h and correlated with the readings obtained from
nonwashed wells. Three parallel experiments were performed in each case.
RESULTS
Generation of mice with targeted inactivation of the Lamc2
gene The strategy to disrupt the Lamc2 gene expression
consisted of construction of a gene-targeting vector that would
allow us to generate three allelic mouse models for JEB, one
being a conventional knockout mouse with frameshift deletion
of exon 8 (this study), the other one being a conditional
knockout mouse for the same deletion, and the third model
representing with in-frame deletion of exon 9. This strategy was
selected on the basis of clinical observations that in patients with
JEB frameshift deletions leading to premature termination
codons (PTC) are associated with lethal H-JEB phenotype,
whereas in-frame deletions are associated with milder, nonlethal
variants of non-Herlitz JEB (Nakano et al, 2002a). This goal was
accomplished by utilization of cre-loxP system, for which both
the NEO-TK cassette and exon 8 were £oxed by loxP sites with
the purpose of creating frameshift deletion of exon 8 (Fig 1). This
mutation is expected to result in PTC in exon 9, absent
expression of laminin 5, and a phenotype recapitulating human
H-JEB. After electroporation of ES cells with the targeting
vector, the positive ES cell clones were selected by growth in
medium containing the neomycin analog G418. Homologous
recombination between the wild-type allele and targeting vector
was con¢rmed by Southern blotting using EcoRV-digested DNA
and a PCR product spanning exon 7 as a probe (not shown). A
3.5-kb EcoRV fragment revealed the presence of the targeted
allele whereas the B20-kb fragment corresponded to the
wild-type allele. This screening revealed that homologous
recombination occurred in the correct locus in B50% of all
G418-resistant clones. Two positive ES cell clones were further
electroporated with Cre-recombinase expression construct,
which facilitates excision between loxP sites. These cells were
selected using media containing gancyclovir, which facilitates
survival of clones that had deleted the NEO-TK cassette. This
screening resulted in isolation of ES cell clones, as demonstrated
by PCR and Southern blotting with deletion of exon 8 and the
NEO-TK cassette (See Fig 1).
Two independent ES cell clones with deletion of exon 8
together with the NEO-TK-cassette was microinjected into
C57BL/6J blastocysts, and subsequently ¢ve chimeric males
showed germline transmission of the ES cell genome as
determined by the agouti coat color of o¡spring from
chimeraC57BL/6J breedings. One of these lines was
extensively studied for the inheritance of the mutation and for
the phenotype as reported below. Southern blot analysis revealed
that 13 of 20 pups (65%) from these matings were heterozygous
(Lamc2þ /^) for the transgene. These heterozygous animals were
apparently healthy and indistinguishable from the wild type.
Heterozygous mice (F1 generation) were then intercrossed to
produce Lamc2^/^ o¡spring (F2 generation). To date, 221 pups
derived from these intercrosses have been genotyped by
Southern blotting and/or PCR analysis (see Materials and
Methods; Fig 2). Of these 22.2% were Lamc2^/^, 59.2%
Lamc2þ /^, and 18.6% Lamc2þ /þ , suggesting Mendelian
inheritance of the targeted mutation with no indication of
embryonic lethality of the Lamc2^/^ animals.
LAMC2^/^ mice demonstrate neonatal skin blistering
recapitulating human H-JEB Within 1 to 2 d after birth, the
majority (490%) of the Lamc2^/^ animals, but none of the hetero-
zygotes, showed blistering phenotype, indicating an autosomal
recessive inheritance pattern. The blistering and erosions were
primarily noted on the paws and legs, and the phenotype in
mice representing two independent lines was identical (Fig 3).
The milk content evaluated visually after birth was similar in all
newborn mice during the ¢rst day of life. After the second day
milk content was reduced in a¡ected animals, probably re£ecting
oral and gastroesophageal involvement. In a few (o10%)
homozygous animals the blistering phenotype was not seen
by visual inspection of skin. Instead, these mice were noted to
be smaller and weaker on day 4 or 5 postnatal period in
comparison to wild-type and heterozygous animals, probably
owing to a failure to thrive. Although these ¢ndings indicate
variation in the phenotype, all a¡ected animals died within 5 d
postnatally (Fig 3).
Histopathologic examination of the skin and mucous mem-
branes of Lamc2^/^ mice revealed dermal^epidermal tissue
separation. Also, epithelia of the oral mucosa and urinary blad-
der was noted to have similar lesions (Fig 4). Skin biopsies were
taken for immuno£uorescence staining by using antibodies
speci¢c for each laminin 5 subunit polypeptide. As expected,
expression of laminin g2-chain was not detected with antibody
g2L4m raised against the laminin type IV module containing
the processing site within the g2-chain (Sasaki et al, 2001), the
region mutated in the transgenic mice. In addition, another
g2-chain-speci¢c antibody, g2LE1-3, raised against three ¢rst
laminin-type epidermal growth factor-like modules in the
amino terminus of the polypeptide, demonstrated negative
staining, indicating that no truncated g2-chain polypeptides
were synthesized. In addition, the use of a3- and b3-chain-
speci¢c antibodies (a3AIIIa and b3VI/V) revealed essentially
absence of the laminin b3-chain, and the presence, but at clear-
ly reduced levels, of the laminin a3-chain, indicating that the
presence of the a3- and b3-chains is dependent, at least in
part, on the expression of functional g2-chain (Fig 5).
Immunostaining of other BMZ proteins, such as plectin,
integrins b4 and a6, and type XVII collagen, demonstrated
occasionally discontinuous and reduced staining on the blister
roof, whereas type VII collagen was expressed at apparently
normal levels on the £oor of the blister (Fig 6). It should be
noted that the histopathologic and immuno£uorescence ¢ndings
were the same in Lamc2^/^ mice representing four di¡erent
litters.
Transmission electron microscopy revealed hypoplastic and
rudimentary hemidesmosomes in the skin of Lamc2^/^ mice
when compared with that of wild-type animals. The inner
plaque and the sublamina dense plate of the hemidesmosomes
were absent. The basement membrane (lamina densa) was
thinner and morphologically perturbed, and the anchoring ¢la-
ments were sparse in comparison with the normal mouse skin
(Fig 7). Thus, the skin of Lamc2^/^ mice has pathologic features
similar to those encountered in human H-JEB patients.
Loss of laminin 5 results in induced apoptosis of epidermal
cells in vivo It has been demonstrated that inhibition of laminin
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5-mediated adhesion in keratinocyte cell lines induces apoptosis
(Esco et al, 2001). Therefore, formalin-¢xed para⁄n-embedded
skin sections from Lamc2þ /þ and Lamc2^/^ mice were
subjected to TUNEL assay in vivo. The wild-type as well as
nonblistered skin of the JEB mice demonstrated the presence of
apoptotic cells in the upper layer of the epidermis, whereas apop-
tosis was not observed in the basal cells (Fig 8). In contrast,
apoptosis was clearly induced in the basal cell layer of the
blistered skin of JEB mouse (Fig 8), suggesting a role for cell-
matrix adhesion mediated by laminin 5 in the cell survival in vivo.
RT-PCR in vivo versus in vitro reveals splicing modulation of
the targeted region of Lamc2 To examine mRNA transcripts
produced from the targeted Lamc2 allele in the skin, RT-PCR
using the primer pair E7-F and E10-R was utilized for
ampli¢cation of the region from exon 7 to exon 10. RT-PCR of
wild-type Lamc2 mRNA is expected to yield a 623-bp ampli¢ed
DNA product (Fig 9A,C). RT-PCR products ampli¢ed from
the Lamc2^/^ skin mRNA, representing three di¡erent litters,
revealed that the major product was 510 bp, which, as con¢rmed
by nucleotide sequencing, lacked exon 8 (Fig 9A,C). The
deletion of exon 8 resulted in ¢ve missense amino acids and a
PTC in exon 9. Nevertheless, a minor PCR product of 291 bp
was also noted in the Lamc2^/^ and Lamc2þ /^ mice (Fig 9A,
lanes 2,3). Nucleotide sequencing revealed that this fragment
lacked exons 8 and 9, resulting in 10 missense amino acids
followed by a stop codon in exon 10 (Fig 9C,d). Thus, these
results are in agreement with in vivo immuno£uorescence
¢ndings demonstrating that the overall targeting strategy
resulted in null allele of laminin g2-chain.
Figure 4. Histopathology of the Lamc2^/
^ skin (B), oral mucosa (D), and bladder
(F). Note the blister formation in each section
(stars). Sections of control skin (A), oral muco-
sa (C), and bladder (E) in wild-type littermates
are also shown (hematoxylin^eosin stain; bar,
50 mm).
Figure 3. Clinical¢ndings
in mice de¢cient in lami-
nin c2-chain. Blistering of
the paws and lower legs (ar-
rows) was noted within 2 d
of birth, after which the
symptoms spread over the
entire extremities (A,B).
These mice died within 2
to 3 d postpartum. Some
Lamc2^/^ animals did not
show blistering phenotype
by visual inspection, but on
days 4 to 5 they were noted
to be smaller than the nor-
mal littermates, and they
died soon thereafter (C).
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To examine the expression of laminin g2-chain in vitro, pri-
mary keratinocyte cultures were established from Lamc2þ /þ
and Lamc2^/^ mice by utilizing cell culture conditions on type
IV collagen-coated plates and medium supplemented with
¢broblast conditioned medium and low calcium (60 mM), as
described by Hager et al (1999). Northern analysis of cultured
primary keratinocytes demonstrated the absence of steady-
state Lamc2 mRNA levels in Lamc2^/^ cells when compared
with those of control cells (Fig 9B). Also, the mRNA levels
of Lama3 and Lamb3 were reduced in Lamc2^/^ cells as
normalized to GAPDH hybridization that was used as a loading
control.
RT-PCR spanning the region from exon 7 to exon 10
demonstrated an altered pattern of transcripts in Lamc2^/^
keratinocytes in cultures compared to Lamc2^/^ skin in vivo (Fig
9A,C). In addition to a PCR product of 510 bp indicating exon 8
deletion, a smaller 467-bp band was noted. Sequencing of
the 467-bp product revealed that the deletion encompassed,
in addition to exon 8, 43 bp from the 30 -end of exon 7, resulting in
a transcript retaining the reading frame with deletion of 156 bp.
This sequence corresponds to amino acids 304 to 357 in the
laminin IV module of the g2-chain. RT-PCR from mRNA
extracted from di¡erent passages of Lamc2^/^ cells did not
show any evidence for the selection against frameshift trans-
cripts, suggesting that these two transcripts are coexpressed. RT-
PCR from spontaneously detached Lamc2^/^ cells revealed a
transcript pattern similar to that of attached cells (not shown),
further supporting the notion of coexpression of the two
transcripts.
Immuno£uorescence staining of the primary keratinocyte
cultures with g2-chain-speci¢c antibody (g2LE1-3) revealed
strong expression in Lamc2þ /þ keratinocytes and also obvious
deposition of laminin 5 in the extracellular matrix of the culture
dish (Fig 10). The Lamc2^/^ cells demonstrated markedly
reduced but clearly positive staining in all cells, although
deposition of laminin 5 was not noted in the extracellular
matrix (Fig 10). This can be explained by the expression of a
transcript with in-frame deletion as noted by RT-PCR (see
above). It is possible that the expression of this additional
transcript facilitates the growth and attachment of Lamc2^/^
cells in vitro.
Transgenic keratinocytes show altered gene expression,
proliferation, and attachment The expression of selected
molecules known to be expressed in the di¡erentiated or basal
cell layers of the epidermis were examined by RT-PCR using
RNA from Lamc2þ /þ and Lamc2^/^ primary keratinocytes.
Both cell types were found to express basal-cell-speci¢c
molecules, such as type XVII collagen, integrin b4, T-cadherin,
and laminin g2-chain (Fig 11). Nevertheless, molecules known
to be expressed primarily in di¡erentiated cell layers of the
Figure 5. Expression of the three polypeptide chains of laminin 5,
a3, b3, and c2, in the skin of wild-type (þ /þ ) (left panels) and
Lamc2^/^ (right panels) mice. Immuno£uorescence staining with poly-
clonal antibodies against the amino terminus (LE1-3) and laminin IV mod-
ule (L4m) of the g2-chain demonstrated negative staining of Lamc2^/^ skin,
when compared with wild-type skin. Immunostaining with a polyclonal
b3-chain-speci¢c antibody was essentially negative in Lamc2^/^ skin,
whereas the staining with a polyclonal a3-chain-speci¢c antibody was po-
sitive but clearly reduced in Lamc2^/^ skin in comparison with wild-type
skin. Blister cavity is indicated by a star (bar, 50 mm).
Figure 6. Expression of BMZ proteins, integrins a6 and b4, plectin,
and type XVII collagen, in the skin of wild-type (þ /þ , left panels)
and null (^/^, right panels) mice. Staining for typeVII collagen is in oral
mucosa. Note that plectin, type XVII collagen, and integrins b4 and a6
demonstrate positive staining on the roof of the blister (marked by a star),
whereas type VII collagen is expressed on the £oor. The immunostaining
for all hemidesmosomal proteins is di¡use, punctate, and occasionally re-
duced in the Lamc2^/^ skin (arrows), whereas type VII collagen staining
demonstrates equal intensity in Lamc2^/^ and wild-type mice (bar,10 mm).
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epidermis, such as the a- and b-isoforms of Dsg1 (Mahoney
et al, 2002; Pulkkinen et al, 2003) and envoplakin (Ruhrberg
et al, 1996), were not detectable in Lamc2þ /þ cells whereas
they were strongly ampli¢ed in Lamc2^/^ cells (Fig 11).This indi-
cates that the cultured Lamc2þ /þ primary keratinocytes maintain
features of basal cells, whereas the Lamc2^/^ keratinocyte cultures
are prone to di¡erentiation and detachment, but at the same time,
they contain cells capable of maintaining proliferative potential. It
should be noted that 38 PCR cycles were used in these experi-
ments, and therefore, the results are not fully quantitative.
The proliferation and attachment were compared between
Lamc2þ /þ and Lamc2^/^ keratinocytes on di¡erent matrices,
including plastic, laminin, and Matrigel, in addition to type IV
collagen. The concentrations were 1 mg per cm2 for type IV
collagen and 2 mg per cm2 for laminin and Matrigel. For
proliferation assay, 5103 cells per well were seeded in the
96-well plate. Proliferation assay (see Materials and Methods)
was performed every 24 h during 5 d, and all experiments
were performed in triplicate. Proliferation assay indicated that
Lamc2^/^ cells were generally proliferating as fast or even faster
than the Lamc2þ /þ cells and on the second day the absorbances
in Lamc2^/^ cells cultured on type IV collagen, laminin, and
Matrigel were signi¢cantly higher than in wild-type cells
(Fig 12). On Matrigel, Lamc2^/^ cells reached maximum
absorbance values signi¢cantly higher than Lamc2þ /þ cells,
whereas on plastic the wild-type cells grew signi¢cantly better
than the corresponding Lamc2^/^ cells.
For attachment assay, 5104 cells per well were inoculated into
96-well plate, and attachment was monitored after 3 h.Wild-type
cells attached to all matrices equally well, whereas the Lamc2^/^
cells demonstrated signi¢cantly weaker attachment to plastic
and laminin when compared with Lamc2þ /þ cells (Fig 13).
Although the Lamc2^/^ cells did not spread on plastic and
laminin and were rounded and loosely attached on these matri-
ces, they proliferated relatively fast. Nevertheless, the Lamc2^/^
cells formed multiple layers indicating di¡erentiation on these
matrices, whereas Lamc2þ /þ cells formed a monolayer. There
were no signi¢cant di¡erences in attachment on type IV collagen
and Matrigel.
DISCUSSION
In this study, we have generated a mouse model for JEB by dis-
rupting the expression of laminin g2-chain through targeted
ablation of exon 8. The clinical outcome of the Lamc2^/^ mice
was somewhat variable: Most (90%) of the mice developed blis-
tering within 2 d of birth and died within 2 to 3 d. Nevertheless,
a minority of the Lamc2^/^ mice did not show blistering by vi-
sual inspection of the skin, but on days 4 and 5 they were found
to be smaller and they died owing to failure to thrive. The patho-
logic and ultrastructural features of the skin were identical in all
Lamc2^/^ mice showing lack of laminin g2-chain expression and
perturbed assembly of hemidesmosomes, and there was no evi-
dence for alternatively spliced transcripts in vivo. It is possible
therefore that compounding genetic and/or epigenetic factors
may modulate the clinical outcome. Clinical variation has been
observed among human JEB patients as well (Nakano et al,
2002a, b). Although the phenotype/genotype correlation predicts
the most severe outcome, frequently with early demise, in JEB
patients who harbor PTC mutations in both alleles of any of the
three genes encoding laminin 5 polypeptides, there are some ex-
ceptions. Recently, we published laminin 5 mutations in Middle-
Eastern JEB patients, including four nonlethal JEB patients with
PTC mutations in both alleles of LAMB3 or LAMC2 (Nakano
et al, 2002c). At least in two of these patients laminin 5 immunos-
taining was negative, the hallmark of H-JEB. Two similar cases
have been described in Caucasians, both being adults but having
Figure 7. Transmission electron microscopy of the BMZ in wild-type (A,C) and mutant (B,D) mouse skin. In normal skin, hemidesmosomes are
composed of inner plaque (IP), outer plaque (OP), and sublamina dense plate (small arrow). Anchoring ¢laments (white arrowhead) are spanning lamina lucida,
whereas anchoring ¢brils (black arrowhead) extend from the basement membrane to the papillary dermis (A). The Lamc2^/^ skin shows rudimentary and
poorly formed hemidesmosomes (B,D) with the absence of hemidesmosomal inner plaque and sublamina dense plate. The outer plaque is rudimentary,
anchoring ¢laments are reduced in number and the lamina densa appears poorly developed (black arrows in B) in comparison with the wild-type skin (A,C)
(bars are indicated in A and C; the magni¢cations in A and B and in C and D are the same).
Figure 9. mRNA expression in vivo and in vitro. RT-PCR of the targeted region (from exon 7 to exon 10) performed on mRNA extracted from skin
revealed a 623-bp transcript (a) in wild-type skin (lane 1) and two transcripts in Lamc2^/^ (lane 3) skin (A). The major transcript of 510 bp (b) resulted from
deletion of 113 bp corresponding to exon 8, and the transcript of 291 bp re£ected deletion of 332 bp corresponding to exons 8 and 9. Heterozygous
Lamc2þ /^ skin demonstrated the presence of all three transcripts (lane 2). The cultured Lamc2þ /þ primary keratinocytes (lane 4, passage 12) showed a
623-bp band, and Lamc2^/^ cells (lanes 5^7, passages 1, 4, and 9) showed the presence of 510- and 467-bp (d) transcripts. The latter transcript resulted from
the deletion of exon 8 and part of exon 7 together leading to in-frame deletion (A). Northern analysis revealed absence of detectable Lamc2 mRNA in
primary keratinocytes of Lamc2^/^ mouse, and Lama3 and Lamb3 mRNA steady-state levels were clearly reduced (right lanes) when compared with wild-
type samples (left lanes) (B). Schematic presentation of di¡erent transcripts obtained in vivo and in vitro from wild-type and Lamc2^/^ mice are presented
schematically in C and designated a^d as in A.
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PTCs in both LAMB3 alleles (McGrath et al, 1999; Pulkkinen and
Uitto, 1999). In one of these cases the milder phenotype could be
explained by alternative splicing resulting in restoration of the
reading frame (McGrath et al, 1999). These ¢ndings suggest that
there might exist some, yet unrecognized genetic factors, such as
those involved in the ¢delity of splicing, which could improve
survival of JEB patients. Although none of the Lamc2^/^ mice
examined by RT-PCR showed evidence of splicing modulation
in vivo, the mouse model developed in this study serves as an ex-
cellent system to study the molecular basis of these clearly distinct
Lamc2^/^ phenotypes in further detail.
When the life span of Lamc2^/^ mice was compared with that
of mice de¢cient in two other laminin 5 chains, a3 and b3, it was
noted that all these mice died within a few days of postnatal life.
The Lamb3IAP mutant mice that harbor an intracisternal-A parti-
Figure10. Morphology (A,B) and immunostaining (C,D) of
Lamc2þ /þ and Lamc2^/^ cells. Some Lamc2^/^ cells are attached
and spread on type IV collagen matrix whereas many cells are round and
loosely attached (B). All wild-type cells are spread and attached on the ma-
trix (A). Immunostaining with g2-chain-speci¢c antibody (LE1-3) reveals
strong staining of Lamc2þ /þ cells and surrounding matrix (C), whereas
the staining is weak, yet clearly positive, in Lamc2^/^ cells (D).
Figure 8. Apoptosis in wild-type and Lamc2^/^ epidermis. Forma-
lin-¢xed, para⁄n-embedded skin sections were used for apoptosis assay.
Note that upper layers of wild-type (A) and nonblistered Lamc2^/^ epider-
mis (B) contain apoptotic cells (white arrows). In addition, basal cells on the
roof of the blister demonstrate strong staining for apoptosis (C). Blister
cavity is indicated by a star (bar, 10 mm).
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cle (IAP) at an exon^intron junction resulting in null allele devel-
oped blisters and erosions within a few hours after birth and died
within 24 h (Kuster et al, 1997). The Lama3^/^ mice lived for 2 to
3 d like most of the Lamc2^/^ mice (Ryan et al, 1999). Animal
models for other EB types, including recessive dystrophic EB
(RDEB) and JEB with pyloric atresia (EB-PA), have been gener-
ated recently by ablation of the type VII collagen gene (Col7a1)
(Heinonen et al, 1999) and the a6 and b4 integrin genes (Itga6
and Itgb4) (Georges-Labouesse et al, 1996; van der Neut et al,
1996), respectively. Although human patients with null mutations
in both COl7A1 alleles frequently live to their fourth or ¢fth dec-
ade of life, the Col7a1^/^ mice die within 2 wk. Nevertheless,
these mice have, on the average, the longest life span among these
EB-null mice. Furthermore, Itgb4^/^ and Itga6^/^ mice have the
most severe phenotype, because they die immediately (Itga6^/^)
or within 2 h (Itgb4^/^) after birth, clearly earlier than any of the
three laminin 5-null mice. These di¡erences may re£ect broader
extracutaneous tissue expression of the a6b4 integrin genes and
also the fact that a6 integrin can dimerize with b1 integrin in a
number of tissues, including the muscle and central nervous sys-
tem (Delwel et al, 1995; Nievers et al, 1999; Colognato et al, 2002).
Collectively, these ¢ndings indicate that in some cases there is a
discrepancy between the phenotypes in humans and the corre-
sponding mouse models of EB, but the Lamc2^/^ mouse devel-
oped in this study faithfully recapitulates the clinical features and
the ultimate outcome of human H-JEB.
Immuno£uorescence staining of the skin and mucous mem-
branes of the Lamc2^/^ mice revealed absent expression of g2-
chain, as well as markedly reduced expression of laminin b3-
chain. In addition, b3-chain was present but clearly reduced on
the cutaneous BMZ. Besides laminin 5, there are other laminins
in the skin that provide integrity to the BMZ, including laminin
6 with the chain composition a3g1b1 and possibly laminins 10
and 11 with chain compositions a5b1g1 and a5b2g1, respectively
(Colognato and Yurchenco 2000; Ryan et al, 1999). Nevertheless,
they are not su⁄cient to stabilize the adhesion of epithelium to
the BMZ in the absence of laminin 5. The marked reduction of
laminin b3-chain in Lamc2^/^ mice could be explained by
the presence of g2- and b3-chains only in laminin 5, whereas
the persistence of a3-chain expression could re£ect the fact that
this chain is also a component of laminin 6. Thus, the accumula-
tion of b3-chain is dependent on the presence of g2-chain,
whereas g1- and b1-chains stabilize, at least in part, the expression
of a3-chain.
Although laminin 5 is not located in hemidesmosomes, it has a
central role in hemidesmosomal assembly (Nievers et al, 1999).
This notion was supported by electron microscopy of the BMZ
in Lamc2^/^ mice, which showed rudimentary and poorly
formed hemidesmosomes lacking the hemidesmosomal inner
plaque and the sublamina dense plate. These ¢ndings are similar
to those found in human skin of H-JEB patients (Fine et al, 1999).
We also examined the expression and localization of the hemi-
desmosomal proteins, such as integrins a6 and b4, as well as plec-
tin and type XVII collagen. Immuno£uorescence staining of
these polypeptides along the cutaneous BMZ was discontinuous
and somewhat weaker in Lamc2^/^ skin compared with control
skin, suggesting that the assembly of these molecules in basal ker-
atinocytes was perturbed in the absence of laminin 5. These ¢nd-
ings emphasize the importance of laminin 5a6b4 integrin
interactions in signaling and hemidesmosomal assembly (Nievers
et al, 1999).
We established primary keratinocyte cultures from wild-type
and Lamc2^/^ mouse epidermis to study their biologic features.
For tissue culture we used collagen IV-coated plates and low cal-
cium (60 mM) medium supplemented with ¢broblast-condi-
tioned medium and additional growth factors, as described by
Hager et al (1999); these conditions allow maintenance of undif-
ferentiated epidermal keratinocytes. Under these conditions the
Lamc2^/^ cells were proliferating relatively fast. Some of these
cells attached and spread on the matrix whereas other cells were
round and detached from the matrix. At the same time, the wild-
type cells formed con£uent monolayers.We assume that Lamc2^/
cells, at least in part, undergo rapid di¡erentiation and probably
apoptosis regardless of low calcium concentration. This hypoth-
esis was supported by RT-PCR, which demonstrated presence
of select molecules expressed in di¡erentiated cell layers, such as
envoplakin and the a- and b-isoforms of desmoglein 1, in
Lamc2^/^ cells, whereas they were not detected in wild-type cells
maintained under these culture conditions.
RT-PCR of mRNA isolated from the skin of Lamc2^/^ mice
demonstrated the presence of two mutant Lamc2 transcripts,
which resulted in PTCs owing to out-of-frame deletion of exon
8 alone or exons 8 and 9 combined, thus con¢rming that our tar-
geting strategy resulted in a null allele in vivo. Nevertheless, we
found that the transcript pattern of mutant Lamc2^/^ cells in vitro
was di¡erent from that in vivo, suggesting that keratinocyte cul-
ture microenvironment may alter splicing. Speci¢cally, in addi-
tion to transcripts with deletion of exon 8, we found another
transcript that is a result from activation of a cryptic splice site
Figure11. RT-PCR of wild-type (þ /þ ) and Lamc2^/^ (^/^) cells.
Both cells express mRNAs characteristically present in basal keratinocytes.
In addition, Lamc2^/^ cells contain mRNAs, such as for envoplakin and
desmoglein 1a and 1b, that are present in di¡erentiated cell layers.
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within exon 7. This resulted in restoration of the reading frame
and slightly positive immunostaining of Lamc2^/^ cells with
anti-g2-chain antibodies. This type of phenomenon has been de-
scribed previously regarding splicing modulation of integrin b4
pre-mRNA, which was associated with amelioration of the dis-
ease phenotype with aging of a patient with EB with pyloric
atresia (Chavanas et al, 1999). In their study, the authors found that
the patient’s keratinocytes, cultured on feeder layer of irradiated
¢broblasts, escaped aberrant splicing and produced wild-type
mRNA, whereas cultured on plastic, they produced mRNA
with aberrant splicing and null allele. It is possible that the use
of type IVcollagen together with ¢broblast-conditioned medium
in our study has consequences related to the e¡ects of the feeder
layer in study by Chavanas et al (1999).We did not test splicing in
cells cultured on plastic, but we did test that in cells that sponta-
neously detached from the culture dishes coated with type IV
collagen. In these cells the transcript pattern of Lamc2 was similar
to that of attached cells, suggesting that the altered splicing in
vitro is an inherent characteristic of cultured cells that have been
removed from the microenvironment of the epidermis and the
cutaneous BMZ in vivo.
The Northern blot analyses performed on keratinocytes cul-
tured from Lamc2^/^ mice revealed the absence of Lamc2
mRNA, indicating that the proportion of the transcript with
in-frame deletion is small. In addition, the mRNA steady-state
levels of Lama3 and Lamb3 were markedly reduced when com-
pared with the corresponding levels in the wild-type cells. Since
the corresponding proteins were also downregulated in the skin,
as detected by immuno£uorescence, one could assume that the
downregulation occurred, at least in part, at the transcriptional
level. At the same time, the cultured Lamc2^/^ keratinocytes de-
monstrate features of di¡erentiated cells, and it is conceivable that
the transcript levels of basal-cell-speci¢c molecules is reduced and
downregulation of a3- and b3-chains occurs, in part, at the post-
translational level in vivo.
The lack of g2-chain and laminin 5 did not signi¢cantly a¡ect
proliferation of Lamc2^/^ cells on collagen IV, laminin, and Ma-
trigel substrates when compared with the wild-type cells; how-
ever, proliferation was signi¢cantly reduced on plastic. Ryan et al
(1999) demonstrated that Lama3^/^ cells failed to grow on plastic,
Figure12. Proliferation of wild-type and Lamc2^/^ cells on plastic (A), type IV collagen (B), laminin (C), and Matrigel (D).Wild-type cells
were proliferating slightly better on plastic when compared with Lamc2^/^ cells (p value on day 4, 0.0421) (A), whereas Lamc2^/^ cells were proliferating
better on Matrigel (p values on days 2 and 4, 0.0066 and 0.0081, respectively) (D). On type IV collagen and laminin the growth of both cells was similar
(B,C), although the Lamc2^/^ cells started to grow signi¢cantly faster as shown by p values on day 2 (0.0043 and 0.0038 in B and C, respectively). Both cells
reached maximum absorbance on day 4 after which the cells started to die. The p values were calculated by a Student’s t test, and the asterisks indicate
statistical signi¢cance.
Figure13. Attachment of wild-type and Lamc2^/^ cells to plastic,
type IVcollagen, laminin, and Matrigel.The cells were allowed to at-
tach for 3 h, after which the wells were washed twice with PBS and sub-
jected to cell proliferation assay. The readings of unwashed wells were
adjusted to 100%, to which the readings of washed wells were correlated.
Note that wild-type cells attached with 100% e⁄ciency to all matrices
whereas Lamc2^/^ cells attached to plastic and laminin signi¢cantly less e⁄-
ciently than the wild-type cells (p values, 0.0002 and 0.0001, respectively).
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but the cells could be rescued on type IV collagen. Although the
Lamc2^/^ cells were proliferating on plastic, they were rounded
and loosely attached and formed multiple layers of di¡erentiated
cells. Similar features were noted on laminin but to a lesser ex-
tent. Ligation of laminin 5 by integrin a6b4 activates phosphoi-
nositide 3-OH-kinase (PI3K) signaling, which promotes adhe-
sion and spreading of cells on laminin 5 mediated by a3b1 integrin
(Nguyen et al, 2000). It is conceivable therefore that adhesion and
spreading of Lamc2^/^ cells on plastic was inhibited by loss of
laminin 5^a6b4 integrin interaction. Nevertheless, Lamc2^/^
cells were proliferating faster on Matrigel than the wild-type
cells, and attachment assays demonstrated that Lamc2^/^ cells at-
tached to type IV collagen and Matrigel as e⁄ciently as the wild-
type cells. These ¢ndings suggest that, although laminin 5
provides a speci¢c substrate for adhesion of proliferating and
migrating cells (Rousselle and Aumailley, 1994; Gonzales et al,
1999; Hirosaki et al, 2000; Gagnoux-Palacios et al, 2001), type IV
collagen and Matrigel can, at least in part, compensate for the
function of laminin 5 in vitro.
In addition to the propensity of laminin 5 to promote cell-
matrix adhesion, it has been hypothesized that inhibition of epi-
thelial cell contact with extracellular matrix in the absence of
laminin 5 would induce apoptosis of epidermal cells. In support
of this postulate, it has been shown that inhibition of functional
laminin 5 induces apoptosis in cell culture (Esco et al, 2001). The
blistered skin in Lamc2^/^ mice serves as an excellent tool to test
this hypothesis in vivo. Consequently, we used TUNEL assay to
examine whether Lamc2^/^ skin shows increased number of
apoptotic cells. Basal cells of blistered skin of Lamc2^/^ mice de-
monstrated apoptosis, whereas such cells were present only in dif-
ferentiated suprabasal cell layers in wild-type and nonblistered
Lamc2^/^ skin. These ¢ndings suggest that cell-matrix adhesion
has a role in cell survival and that under physiologic conditions
the presence of intact laminin 5 is required for the survival of the
basal keratinocytes.
In summary, we have developed a laminin 5-de¢cient mouse
through targeted ablation of the Lamc2 gene, and these mice
serve as an animal model recapitulating features of the human
H-JEB. Deletion of the laminin g2-chain has profound conse-
quences on keratinocyte biology, including attachment, prolifera-
tion, apoptosis, and gene expression, thus providing novel insight
into the role of laminin 5 in cell-matrix adhesion.
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